About one half of adults with acute lymphoblastic leukemia are not cured of the disease and ultimately die. The objective of this study was to explore the factors influencing the outcome of adult patients with relapsed acute lymphoblastic leukemia.
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Introduction
About one half of adults with acute lymphoblastic leukemia (ALL) are not cured of the disease and ultimately die. After front-line therapy, rates of complete remission have ranged between 78% and 93% in recent clinical trials. However, one third of patients with standard-risk ALL and two thirds of high-risk patients relapse. [1] [2] [3] [4] [5] [6] [7] A second remission may be achieved, however post-relapse treatment rarely results in long-term survival. [8] [9] [10] [11] Some form of allogeneic stem cell transplantation (SCT) is considered as the best treatment option after achievement of a second remission if the patient's age, performance status and donor availability allow. 12 However, due to early relapse or poor performance status after re-induction therapy, allogeneic SCT is performed in only a subgroup of patients in second remission. The effect of prior submission to a SCT procedure during first complete remission on the feasibility of and outcome after a second procedure has seldom been explored. 11 It is important to identify those patients who have reasonable survival options after salvage treatment including allogeneic SCT and, conversely, the patients with poor survival expectancy in order to include them in experimental therapies. Since 1989, the PETHEMA (Programa Español de Tratamiento en Hematologia) trials have used a common backbone of treatment for adult patients with newly diagnosed ALL, consisting of 4 weeks of induction therapy, early consolidation with short courses of combined active drugs and delayed consolidation, including further courses of combined cytotoxic drugs, followed by 2 years of maintenance treatment or, alternatively, an autologous or allogeneic SCT in some patients with high-risk ALL. [13] [14] [15] [16] Data from a very extended follow-up of this large cohort of prospectively enrolled patients after a common approach to initial therapy are currently available, thereby providing optimal information for identifying prognostic factors for the achievement of a second remission and subsequent survival in patients with relapsed ALL and for defining subsets of patients likely to benefit from rescue treatment. We analyzed the outcome of 263 adult patients who relapsed following treatment in the PETHEMA ALL89, 13 ALL93HR, 14 ALL96SR, 16 and ALL03HR 17 trials.
Design and Methods

Initial diagnostic procedures, classification and treatment
Patients aged 15 to 70 years old with newly diagnosed ALL (excluding mature B-ALL) and no prior condition preventing intensive treatment were included in the PETHEMA trials ALL89, ALL93HR, ALL96SR and ALL03HR. The institutional review boards of each participating center approved the studies. All patients gave informed consent to participation. The diagnosis of ALL was established according to standard criteria at each institution and central review of cytogenetics and immunophenotyping studies was performed. Philadelphia chromosome status was assessed by cytogenetic analysis and by molecular methods, when applicable. Patients were defined as having standard risk when their presenting white blood cell (WBC) count was below 30×10 9 /L, they were under 30 years old and had no bad risk cytogenetic findings. Patients were considered as being at high-risk when their presenting WBC count was over 30×10 9 /L, they were aged over 30 years old or had bad risk cytogenetic findings, defined as t(9;22), t(1;19) or t(4;11). The ALL89 trial included both standard-and high-risk patients (intensity of consolidation was greater in the high-risk patients), while the ALL93HR and ALL03HR trials enrolled only high-risk patients. The ALL96SR trial included standard-risk patients and high-risk patients of advanced age or with co-morbid conditions precluding the consolidation therapy planned for those with high-risk ALL. Standardrisk patients with a slow response or no response to the initial 4-week induction had the option to switch to the intensification or consolidation protocols planned for the high-risk patients. The results of each specific protocol have been fully published [13] [14] [15] [16] except those of the ALL03HR, for which only a preliminary report is available 17 since the follow-up is still ongoing. A simplified scheme of the backbone characteristics of the four protocols is given in Table 1 .
All patients included in the trials before January 2006 who achieved complete remission and for whom there was at least 3 years of follow-up after obtaining the complete remission were reviewed. Patients identified as having relapsed were selected and critical data (date of relapse, date of second remission if attained, date of subsequent relapse, survival status, date of last contact or death and cause of death) were obtained for all patients. Therapy after relapse, dates of second or subsequent complete remissions, autologous or allogeneic SCT procedures and subsequent relapses were also available for most patients. Data on all patients still alive were updated in January 2009.
Statistical analysis
Homogeneity of outcome across initial treatments was analyzed after stratifying the patients according to initial risk (standard versus high) and age (15-30, 30-55 and 55-70 years) using the χ 2 and log-rank tests. 18 Disease-free survival was defined as the time from second remission to last control, subsequent relapse or death; overall survival was defined as the time from first relapse to last control or death. The variables tested for prognostic significance after relapse included patient-related data (age, gender), leukemia-related factors (WBC count, phenotype and cytogenetics), relapse-related factors (duration of first complete remission and site of relapse) and treatment. Differences in relative risks of death during reinduction or achievement of second complete remission were assessed using the χ 2 test. Kaplan-Meier curves 19 and log-rank statistics were used for comparisons of disease-free survival and overall survival. Significant variables in univariate studies for second remission, disease-free survival and overall survival were included in multivariate logistic or Cox regression models. 20 Statistical analyses were performed using a SPSS package v15.0 (Chicago, IL, USA).
Results
Initial characteristics of patients and response to first-line treatment
Of the initial cohort of 589 patients, 427 (72%) had high-risk characteristics and 162 (28%) had standard-risk ALL. The complete remission rate was 69% in patients over 55 years old, 86% in patients 30-50 years old, 92% in high-risk patients under 30 years and 98% in standard-risk patients. Five-year overall survival rates for these four subgroups were 14% (95% CI, 6-23), 29% (95% CI, 23-35), 38% (95% CI, 32-45) and 69% (95% CI, 64-74), respectively. The outcome of patients was uniform across protocols when adjusted for age and risk. Of the 523 patients (89%) who achieved a first complete remission, 263 (50%) relapsed at a median of 11 months after attaining the
Patients' characteristics at relapse
The median age of relapsed patients was 33 years (range, 15-69) and 150 (57%) were male. Relapses occurred during early consolidation in 46 patients (17%), after high-dose therapy and SCT in 71 (28 autologous -10%, 43 allogeneic -16%) and during late consolidation, maintenance or beyond in 146 (55%). Most relapses occurred in the bone marrow either as the sole documented site (226 cases, 86%) or combined with central nervous system, testes or other locations (n=19, 7%). Exclusive extramedullary relapses occurred in the central nervous system (n=15); skin/soft tissue (n=2) and testes (n=1). Among patients with high-risk features at diagnosis, 41 (15%) carried high-risk translocations including 27 with t(9;22), 3 with t(1;19) and 11 with t(4;11).
Outcome after relapse
The median survival after relapse was 4.5 months (95% CI, 4-5 months). The 1-year overall survival was 24% (95% CI, 20-26%), and the 5-year overall survival was 10% (95% CI, 8-12%). In 15 patients (6%) no treatment was attempted to obtain a second remission. The median age of this subgroup of patients was 58 years (range, 43 to 69) and their median survival was 1 month (range, 0-2.3). SCT was attempted without re-induction therapy in 11 patients (4%) with a generally poor outcome. These cases included SCT without prior re-induction in two patients with incipient relapse (2 failures) and direct donor lymphocyte infusion in six patients submitted to allogeneic SCT (failure to achieve second remission, 1; non-relapse mortality, 3; subsequent relapse, 2). However, a durable second remission was obtained in two out of three patients with isolated central nervous system relapse conditioned with total body irradiation and receiving intrathecal therapy without systemic re-induction. An allogeneic SCT was attempted in two patients with active disease after re-induction failure and a durable second remission was obtained in one of them. Conventional reinduction treatment was given to 237 (90%) patients, and included regimens similar to first-line induction in 97 patients (37%), HyperCVAD 6 or similar regimens in 83 (32%) and fludarabin-idarubicin (FlagIda)-based treatments in 26 (10%), whereas other regimens were administered to the remaining 31 patients. Death during induction occurred in 44 patients (17%) and second remission was achieved in 112 out of 248 patients (45%) receiving intensive second line treatment. The median disease-free survival after second remission was 6 months (95% CI, 5-7). The 1-year disease-free survival probability was 34% (95%CI, 26-42%) while the 5-year disease-free survival probability was 22% (95% CI, 14-30%). Thirty-three patients (30%) achieving second remission were not submitted to SCT (2 remain alive after standard consolidation, 30 relapsed before SCT and 1 died after further consolidation treatment in second remission), 14 (12%) received an autologous SCT (6 alive, 4 relapsed, 4 died of transplant-related events), 38 received a matched sibling allogeneic SCT (7 alive, 16 relapsed, 14 died of transplantrelated events and 1 died of a second neoplasia) and 27 (24%) received an unrelated allogeneic SCT (14 alive, 8 relapsed, 5 died of transplant-related events). In all, 28 out of 113 relapsed patients who achieved a second remission (25%) remain alive without further relapse after a median follow-up of 6 years (range, 2-17). Table 2 summarizes the univariate analysis of factors predictive for re-induction-related death, second remission attainment, disease-free survival and overall survival. Baseline leukocytosis and gender were associated with a shorter overall survival. Females showed a higher rate of death during re-induction; however, the probability of achieving a second remission and disease-free survival were not significantly different between sexes. An analysis restricted to patients receiving active treatment showed that patients over 55 years had a lower second remission rate than those under this age (47% versus 20%, P=0.015). The median overall survival was 6.8 months (95% CI, 4.9-8. Figure 1A ). Disease-free survival was also significantly longer for younger patients ( Figure 1B) . Four patients over 55 years old achieved a second remission and none was subsequently submitted to any form of SCT. Only one of them remains alive and free of disease after achieving a second remission. Although phenotype did not have a significant influence on outcome after relapse, heterogeneity among small subsets of patients in each group could not be excluded (e.g. failure to respond in 4/4 mature thymic ALL). The complete remission rate of patients with normal cytogenetics (45%) was comparable to that of patients with t(9;22) (48%) or miscellaneous abnormalities (37%). However, only one out of three patients with t(1;19) and two out of 11 with t(4;11) achieved a second remission and none of these responses was durable. Similarly, the median disease-free survival of relapsed patients with t(9;22) was 4 months with only two out of 27 patients still alive and in second remission at the last control. In patients relapsing within the first year of achieving first complete remission, the 5-year overall survival probability was 1.8% (95%CI, 0-4%), while it was 15% (95% CI, 7-23%) for patients relapsing between 1 and 2 years after achieving first remission and 31% (95% CI, 21-41%) for those relapsing later ( Figure 1C ). For patients achieving second remission, the 5-year disease-free survival probabilities were 3% (95% CI, 0-5%), 30% (95% CI, 16-44%) and 46% (95% CI, 29-63%) for patients relapsing during the first year, between 1 and 2 years or more than 2 years, respectively, after achieving first complete remission ( Figure 1D ).
Prognostic factors for achievement of second remission and survival after relapse
The probabilities of successful treatment after relapse were not affected by SCT procedures during first com- Table 2 . Univariate analysis of prognostic factors for reinduction death, second complete remission attainment, disease-free survival and overall survival after relapse in the 248 patients treated intensively after first relapse. 
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plete remission among the 209 patients (84%) who relapsed late enough to receive late consolidation in first complete remission with conventional chemotherapy (67%), allogeneic SCT (20%) or autologous SCT (13%). Although those patients submitted to SCT in first complete remission tended to have a lower second remission rate (36% versus 49%, P=0.07) and a lower 5-year overall survival probability, 5% (95%CI, 0%-10%) versus 17% (95%CI, 11%-23%) (P=0.004), the differences lost statistical significance after adjustment for age and risk. Transplant-related mortality was higher for patients already submitted to a SCT in first complete remission (23% versus 45%, P=0.06). Patients treated upon relapse with FlagIda-like re-induction therapy had a higher rate of achievement of second remission although the difference was not statistically significant after adjustment for age.
The results of multivariate analysis are summarized in Table 3 . Age and duration of first complete remission were the two independent prognostic factors for response and survival. Female gender retained prognostic significance for a higher probability of death during salvage induction therapy. The subgroup of patients under 30 years old and with a first complete remission lasting over 2 years (representing 13% of the whole cohort) had an 5-year overall survival of 38% (95% CI, 23-53%) and a 5-year diseasefree survival of 53% (95% CI, 34-72%) (Figure 2 ).
Discussion
The aim of this study was to analyze the response to therapy and prognosis of adult ALL patients after first relapse in order to identify the subset of patients with chances for long-term survival. After receiving homogeneous risk-adapted first-line therapy, patients aged under 30 years old at diagnosis and with a first complete remission lasting more than 2 years emerged as those with the most favorable outcome. The subgroup of patients with these two characteristics represented only 13% of the whole cohort, but their prognosis, in terms of both overall survival and disease-free survival was similar to that of patients with newly diagnosed ALL. On the other hand, patients aged 55 years or older and those with a first remission lasting less than 1 year formed a subgroup with a dismal prognosis regardless of the rescue strategy pursued.
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The PETHEMA trials have used a common backbone of treatment for adult patients with newly diagnosed ALL for more than a decade allowing the analysis of a cohort with mature follow-up. However, several drawbacks must be taken into account. First, as in other large cohorts, 10, 11, 21 the use of risk-adapted initial therapy precluded the possibility of exploring the prognostic implications of initial treatment strategies. Secondly, as in the aforementioned studies, the rescue strategy was not uniform. Re-induction treatments have only been explored prospectively in short series. 9 However, some type of allogeneic SCT after achievement of second remission is considered necessary. 21 Finally, analysis of specific cytogenetic subgroups was limited, given that some important cytogenetic abnormalities are infrequent. In the case of t(9;22), the emergence of novel specific therapies, [22] [23] [24] [25] [26] which were available at relapse for some of the patients in the cohort, may have had an influence on rescue strategies.
The design of our study, based on a full-cohort followup, has provided other relevant data. Prior studies 10, 11 did not address the proportion of patients following alternative options of rescue treatment and their outcome or those receiving palliative treatment only. Donor lymphocyte infusion or other SCT strategies without prior chemotherapy had poor results, although the data were based on small numbers of patients. The proportion of untreated patients was relatively small (6%) and these patients were mostly elderly. In fact, the feasibility of standard rescue treatment was only anecdotal in patients over 55 years, with less than a quarter achieving second remission and with subsequent relapse occurring in most. Age has consistently been associated with a dismal prognosis in most studies. 10,11.20 Although rescue treatment was attempted in most patients aged 30-55 years old, the study shows that these patients' outcome was as poor as that of the older patients. Thus, patients over 30 years of age form a uniform group likely to benefit from being enrolled into clinical trials with novel drugs.
Another large cohort study described female sex as a predictor of poor outcome in adult ALL after relapse, 11 a factor that had not been identified in previous studies. [8] [9] [10] We found female sex to be specifically associated with a high rate of death during re-induction. Although the increased early death rate in females had an impact on their overall survival, female patients achieving second remission enjoyed the same disease-free survival as males. This finding might be partially explained by a high proportion of females in the older age groups but gender retained independent prognostic significance on multivariate analysis along with age. We also excluded the possibility of interactions with other variables such as less intensive treatment, different rates of failure to undergo allogeneic SCT or a higher incidence of poor-risk initial ALL characteristics among females. Although there is not a clear explanation for this finding, its appearance in the analysis of two large independent cohorts makes the possibility of a hazard effect unlikely.
As in prior studies, 11 we failed to identify any statistically significant association between the initial characteristics of ALL and prognosis after relapse. High initial WBC counts lost statistical significance when included in the multivariate model. However, some associations cannot be completely excluded. No patient with mature thymic ALL could be rescued after relapse in our series. The prognostic significance of cytogenetics could also have been biased by the small numbers of patients analyzed as no patient with t(1;19) or t(4;11) obtained sustained second 
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© F e r r a t a S t o r t i F o u n d a t i o n remission. Regarding t(9;22), despite having an identical second remission rate to patients with standard-risk cytogenetics (48%), second remissions lasted less than 1 year in more than half of these patients mainly due to relapse. Only two patients with t(9;22) ALL remained alive and in second remission at the last control. Our study failed to confirm the results of a previous report 11 attributing a worse prognosis to patients relapsing in the central nervous system.
On the other hand, the dismal prognosis of early relapsers was clearly confirmed. An important proportion of the desperate attempts to achieve second remission in younger patients relapsing during consolidation or early afterwards may be related to the absence of available investigational alternatives until recent times. Currently, early relapsers of any age, along with patients over 30 years old, should be strongly encouraged to participate in clinical trials with newly available experimental agents.
The optimal first-line strategy in adult ALL is under debate, with evidence in favor of both pursuing an allogeneic SCT in first remission 7 and of reserving SCT procedures for very high-risk patients. 14, 16, 27, 28 The role of initial therapy in determining outcome after relapse has been controversial. 8, 11 Patients from the ALL89, ALL96SR and ALL03HR trials received an allogeneic SCT only if slow response to treatment was observed, thus patients with adverse prognostic features were selected for SCT. The detrimental effect of a prior SCT in first complete remission in our series lost prognostic significance when age and risk factors were considered. When patients submitted to some type of SCT were matched with comparable patients and particularly when analysis was restricted to patients randomized between chemotherapy and maintenance, allogeneic SCT or autologous SCT (trial ALL93HR), no differences in outcome were observed, with roughly half of the patients achieving second remission and three quarters of them being able to undergo a SCT procedure. Within the select subset of patients undergoing a high-dose procedure, the proportions of patients who experienced transplant-related mortality, who relapsed or who maintained a durable second remission were about one third each, regardless of prior allogeneic or autologous SCT procedures in first complete remission. Thus, our study proves that first complete remission consolidation strategies are unlikely to hamper the possibility of a successful allogeneic SCT after relapse. Differences in efficacy among rescue treatments were largely affected by age, center effects and time to transplant. The best re-induction strategy remains to be determined. Our results confirm that any effective induction followed by prompt allogeneic SCT may be a judicious strategy. However, only younger patients with late relapses appear to benefit from such an approach. In the subgroup with the best prognosis, autologous SCT or even standard consolidation after second remission may be equally effective when a donor is not available.
In summary, we identified a small but relevant subgroup of adults with ALL in whom the chances of long-term survival may approach those of patients with newly diagnosed ALL. Late relapsers may retain chemosensitivity to previously used agents and have a relatively important second remission rate that allows subsequent high-dose therapy procedures with considerable chances of success. On the other hand, early relapsers and patients unfit to follow high-dose procedures should be included in trials involving novel therapeutic agents.
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